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Functional reorganization of excitable cell culture system for screening 
novel fluorescent probes in NIR-II† 
 
Ryoto Tomo＊, Takashi Jin＊＊, Yasutomo Nomura*,** 
 
The second near-infrared window ranged between 900 and 1400 nm, namely NIR-II, 
has advantages for deep tissue imaging with extrinsic fluorophores due to lacking 
autofluorescence, low light absorption, and reduced scattering.  Most of the proposed 
probes were used for labeling with antibodies.  As a new application, we plan to monitor 
electrical activity in a living tissue noninvasively using membrane potential dye with 
NIR-II fluorescence.  So we need the excitable cell culture system to screen candidates of 
such dyes. C2C12 skeletal myoblasts were morphologically differentiated to myotubes 
under the optimal conditions, and the electrical stimulation-induced contraction of the 
myotubes was monitored optically.  This myotube system would permit screening 
membrane potential dyes in NIR-II. 
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2・1  細胞培養 
理研セルバンクから購入した凍結 C2C12 を解凍後，
10 %ウシ胎児血清および抗生物質 1 %を含む DMEM






IX71），カメラ（Olympus DP21, 25 fps 800×600, 8 bit）









Fig.1 Morphological differentiation of C2C12 from myoblasts to myotubes. 
A: Phase contrast image of C2C12 myoblasts in the confluent culture.  B: C2C12 myotubes after 21 days 
under the culture with a differentiation-induced medium.  Scale bar shows 200 m.  C: Angular histogram of 
ellipses fitted to cellular contours in A (see text).  D: The histogram of B.  E: Time course of the amplitude per 












































Fig.2 Contractile activity obtained by the electrical 
preconditioning. A: Phase contrast image of C2C12 
myotubes after the preconditioning.  Scale bar shows 
50 m.  B: Fourier spectra of time-course of average 
intensity (insertion) observed from ROI (dotted line 
area in A). Horizontal and vertical scale bars show a 
time (1 second) and an intensity (0.1 au), respectively. 
The preconditioning was an electrical stimulation for 
2 hrs with 1 Hz biphasic pulses.  The pulse width and 
















±40 V，パルス幅 4 ms のバイポーラ刺激を 1 Hz で 2  
 
Fig.3 Effect of stimulation frequency on contractile 
activity. A: Fourier spectra of intensity fluctuation 
(insertion) on 3 Hz stimulation.  Horizontal and 
vertical scale bars show a time (1 second) and an 
intensity (0.2 au), respectively.  B: 6 Hz.  C: 
Summary from 1 to 10 Hz.  Dotted line shows the 













Fig.4  Dependency of pulse duration on contractile 





取り出して，顕微鏡下で 40 V，パルス幅 4 ms のバイポ
ーラ刺激を 1 Hz で印加した時の応答の典型例を Fig.2
に示す．ROI の平均輝度の時系列データはほぼ 1 秒ごと
に周期的に変動した．フーリエ解析すると，1 Hz に基本









レコンディショニングすると 1 Hz の電気刺激に対して
収縮することが確認されたので，その収縮特性を刺激周
波数と刺激時間の２点から詳細に検討した．刺激条件の
中で刺激周波数だけ 3 Hz にした時の典型例を Fig.3A に
示す．その挿入図から I Hz より収縮が早まったことはわ
かる．Fig.3A の周波数スペクトルでは 3 Hz に明らかな
ピークが現れた．しかしながら 1 Hz の時のような高調
波はなかったことから周期の正確性は低下したかもしれ
ない．Fig.3B では 6 Hz で刺激した時の典型例を示す．
3 Hz と同様に 6 Hz においても周波数スペクトルに明ら
かなピークがあり，それは刺激周波数の 6 Hz に一致し
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